There is a signi®cant body of evidence to suggest a physiological role for the CSF in both the developing and adult brain. Our recent studies suggest a critical role for this¯uid in the developing brain of the hydrocephalic Texas (H-Tx) rat. A key feature of the foetalonset hydrocephalus in this rat is obstruction in thē ow and/or absorption of¯uid that is associated with abnormal development of the cerebral cortex resulting in a reduction in the number of neuronal precursors generated. Cells from the affected cerebral cortex do proliferate in vitro and show dose-dependent responses to growth factor stimulation, suggesting that germinal cells are under inhibitory in¯uences in vivo. We tested the hypothesis that the CSF of the affected brains was responsible for the abnormal development. Cells analysed at the time of extraction from affected brains showed an accumulation of cells in the S-phase of the cell cycle, which was re¯ected in a concentration of cells containing high levels of DNA in the germinal matrix of histological sections of affected brains. CSF from the lateral ventricle of affected foetal brains not only inhibited in vitro proliferation of normal neuronal progenitors, but it also resulted in an accumulation of cells in the S-phase of the cell cycle mimicking the situation in vivo. Fluid from normal foetal brains did not have this effect. From the work detailed here on the mechanistic basis of the de®cient cortical development in the foetal hydrocephalic rat brain, we conclude that the content of the CSF is critical in maintaining germinal matrix function and output and, therefore, that the CSF has a vital role in brain development.
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Introduction
In the adult human, CSF is secreted by the choroid plexuses within the brain ventricular system at a rate of 0.3 ml/min. This produces four times the volume that is held in the¯uid spaces of the brain per day. This¯uid moves by bulk¯ow from its source, through the ventricles and out over the surface of the brain to sites of absorption, mainly thought to be the arachnoid villi that empty into the sagittal venous sinus and the facial lymphatics. Obstruction of CSF¯ow can occur for many different reasons and leads to hydrocephalus, a condition affecting 2±3 per thousand live human births (Matsumoto and Tamaki, 1991; Rekate, 1997; McAllister and Chovan, 1998) . In the past, the obvious effects of this condition, if left untreated, were thought to be related to brain damage caused by raised intracranial pressure due to accumulation of CSF in the brain. As a result, clinical and scienti®c research has also been largely restricted to thinking that¯uid accumulation and raised pressure are the sole factors responsible for the effects seen (Frim et al., 1998) . The vast majority of studies have concentrated on the post-natal effects of raised intracranial pressure and the ef®cacy of CSF diversion, i.e. shunt treatment or third ventriculostomy, at different times after the onset of hydrocephalus. However, another feature often overlooked is that foetal-onset hydrocephalus results in a wide range of neurological de®ciencies in the affected children, which are not prevented or recovered by shunt treatment (McAllister and Chovan, 1998) . Our data now support the view that these are due to de®cient cortical development due to CSF obstruction during the foetal stages (Mashayekhi et al., 2002) .
Rapid advances in the understanding of brain development have provided a framework for our analysis of cortical development in foetuses affected by CSF obstruction in the hydrocephalic Texas (H-Tx) rat, a widely recognized model for this condition (Jones and Bucknall, 1988; Harris et al., 1992 Harris et al., , 1996 Jones et al., 1993 Jones et al., , 1995 Jones et al., , 2001 Oi et al., 1996; Hawkins et al., 1997; Oi, 1998; Mashayekhi et al., 2002) . These rats arose as a spontaneous mutation in a normal colony and have been maintained through brother±sister mating (Kohn et al., 1984; Oi et al., 1996; Jones et al., 2000) . Mothers produce litters where~40% of the pups have an obstruction of the cerebral aqueduct between the third and fourth ventricles that leads to hydrocephalus (Jones and Bucknall, 1988; Jones, 1997; Oi, 1998; Pourghasem et al., 2001) . In affected pups, the obstruction occurs on day E18 and produces a block in the¯ow of CSF within the ventricular system and around the brain. Detailed analysis of the development of the cortex in affected hydrocephalus foetuses has shown that there is a reduction in the width of the cortex and a lack of strati®ed layers of neurons generated after the obstruction. This is due to a reduction in the numbers of neurons leaving the germinal matrix (GM) because of reduced neurogenesis at this site (Mashayekhi et al., 2002) .
Our previous paper pointed towards a role for CSF in this de®cient neuronal output. In agreement with our results, there is now a body of evidence that points towards a critical role of the CSF in brain development and physiology. CSF contains growth factors and cytokines secreted from the choroid plexus as well as the subcommissural organ (Schoniger et al., 2002) , which are known modulators of neurogenesis, differentiation and the brain extracellular microenvironment and which show changes associated with neurological disorders and disorders of development (Kasaian and Neet, 1989; Jones et al., 1991; Kitazawa and Tada, 1994; Suzaki et al., 1997; Arnold et al., 1999; Johanson et al., 1999 Nicholson, 1999; Moinuddin and Tada, 2000; Proescholdt et al., 2000; Xia et al., 2000; Johanson and Jones, 2001 ). Constituents of CSF change during development and in response to physiological challenges and are capable of contacting cells in the cortical parenchyma (Kasaian and Neet, 1989; Mogi et al., 1996; Suzaki et al., 1997; Heinze et al., 1998; Korhonen et al., 1998; Arnold et al., 1999; Van Setten et al., 1999; Biou et al., 2000; Grouzmann et al., 2000; Proescholdt et al., 2000) . Manipulation of CSF volume (in chick embryos) or growth factor content (in adult rodents) can result in a failure of normal cortical development and/or hydrocephalus (Johanson et al., 1999; Moinuddin and Tada, 2000) . In this paper, we have characterized the effects of CSF on GM cell function and started to de®ne the mechanism for CSF alteration of GM cell function.
Methods

Maintenance of H-Tx colony
All experiments were sanctioned by the Home Of®ce Animal Procedures Inspectorate. Both Wistar and H-Tx rat colonies were maintained on 12:12 h light dark cycle beginning at 8.00 am. They were kept at a constant temperature in large rat boxes with unrestricted access to food and water. The H-Tx colony was maintained through brother±sister mating between unaffected males and females, whilst the Wistar colony was maintained through random pair mating. Timed mating was carried out by placing a male and female together in a box and checking for the presence of a vaginal plug every hour. The presence of a plug was taken to indicate successful mating and the time taken as gestational day zero.
Analysis points
Foetuses from timed pregnancies of H-Tx rats were harvested after sacri®ce of the mother, by overdose of anaesthetic (sodium pentobarbitone), at gestation days 14±16 (preobstruction), 17±18 (time of obstruction) and 19±21 (postobstruction) in order to investigate prenatal cortical development. Pups on the day of birth or the day after birth were also investigated. Foetuses were decapitated and brains were removed and processed as described below. Post-natal pups were killed by overdose of anaesthetic (sodium pentobarbitone) and brains removed and processed as described below. Opacity of the head to transillumination and enlarged ventricles were the main criteria used to identify affected H-Tx foetuses along with histological evidence for aqueduct obstruction (Mashayekhi et al., 2002) . Affected foetal heads appeared brighter under transillumination due to the greater¯uid volumes and decreased density of brain tissue.
Preparation of tissue samples
Brains were ®xed in ice cold 4% paraformaldehyde in phosphate buffered saline (PBS) at pH 7.3. Fixation was carried out for a minimum of 2 h and usually overnight. Fixed brains were then washed and placed in 20% sucrose solution for 12±24 h before embedding in OCT compound (Bright Instruments, Huntingdon, Cambridge, UK) and freezing in isopentane cooled with dry ice. Coronal sections were cut at 15 mm on a Slee cryostat and collected onto subbed slides for staining and analysis. Comparable sections were taken at the mid-line to contain the anatomical landmarks of the hypothalamus taken immediately after the optic chiasm (Mashayekhi et al, 2002) . Sections were stained with 5 mM bis-benzimide (Hoechst 33342, Sigma-Aldrich, Poole, UK), mounted in glycerol±gelatin and imaged by¯uorescence microscopy. Digital images were acquired with ®xed exposure time and the staining was analysed using Metaview software (Universal Imaging Corp. Ltd, Downingtown, PA, USA). Quantitative intensity data were generated by drawing a perpendicular line from the ventricular ependymal margin to the pial meningeal margin. The thickness of the line was adjusted to enclose 10 cell diameters. The software then produced a histogram of average intensity along the length of the line. Thus, the data are a measure of mean intensity through the cortex.
Proliferation assay
Cortical hemispheres from the brains of embryonic day 19 Wistar (normal, control) or day 20 H-Tx rat foetuses [divided into two groups: unaffected H-Tx (N-HTx) and affected H-Tx (H-HTx)] were used to prepare cultures. Due to a 12±24 h difference in gestational times between the H-Tx and Wistar strains, we found that Wistars taken a day before H-Tx were matched on foetal weight and histological parameters (cortical thickness and number of cortical layers). For each group, 4±6 cortical hemispheres were cleared of meninges and incubated in Trypsin±EDTA solution (0.25%) at 37°C for 20 min. The solution was replaced with neurobasal medium (Invitrogen, Paisley, UK) and the cells dissociated by repetitive pipetting through tips of decreasing bore size. The suspension was centrifuged at 1700 r.p.m. for 5 min and the media replaced with fresh media. Further pipetting was performed to break up clusters of cells before a sample was taken for viability staining with trypan blue (0.4%) and cell counting. The dissociated cells were plated in poly-D-lysine (0.05 mg/ml) coated 96-well plates at a density of 1 Q 10 4 cells/ml in neurobasal medium, which preferentially supports progenitor and neuronal cell types (not glial cells), containing B27 supplement (Invitrogen), 2 mM glutamine and penicillin±streptomycin (0.1 mg/ml, Sigma-Aldrich, Poole, UK). Additions of basic ®broblast growth factor (bFGF) were made at different concentration (as indicated in the ®gure legends) and the cultures were maintained at 37°C in a 5% CO 2 atmosphere.
Proliferation of cells was determined using the luminescence-based Lumitech Vialight high sensitivity cell proliferation and cytotoxicity kit (LumiTech Ltd, Nottingham, UK) as per manufacturer's instructions. We performed an analysis of the luminescence reading against known viable cell number for cells from the affected and unaffected foetuses. This assay can detect as few as 100 viable cells in the culture and there is no difference between the observed luminescence against cell number for any of the cell types used. The assay is thus highly sensitive in comparison with other methods for determining the number of cells within a culture and measures cells that have actually completed division; unlike alternative methods, which measure incorporation of nucleotides into DNA. Measurements were made on a Multilabel Counter (Wallac Victor2 1420, Perkin-Elmer, Shelton, Connecticut, USA).
Results are expressed as mean luminescence TSEM (n = 3) of at least three experiments involving at least three litters, each performed in triplicate.
In experiments to determine the effect of CSF on cortical cell cultures, CSF was removed by tapping the cisterna magna of unaffected H-Tx and Wistar foetuses, and the lateral ventricle of affected H-Tx. This CSF was added to the cultures as indicated in the legend to Fig. 5 . The cisterna magna is an excellent site to collect uncontaminated CSF since the¯uid space is large and access is through a thin membrane once the overlying musculature is dissected. Occasional contamination with blood was caused by severing a blood vessel within the cisternal cavity and these samples were discarded. All samples were collected into sterile Eppendorf tubes and routinely centrifuged twice at 14 000 r.p.m. to remove any cells or debris from the¯uid, which was decanted into another sterile tube. The lateral ventricle of affected H-Tx foetuses also provides uncontaminated CSF, since it is dilated with accumulated¯uid and presents a largē uid space free of blood vessels. Occasional contamination with blood does occur due to needle puncture through a cranial blood vessel. These samples were discarded and clear samples centrifuged as described above. Samples were frozen on dry ice and stored at ±80°C until used. Control experiments with normal CSF suggest that the collection technique was contamination free (see Results and Discussion). We were able to collect between 5 and 50 ml of CSF from normal foetuses and up to 100 ml from the lateral ventricle of affected foetuses using these methods.
Cell cycle analysis
Cells were plated at a density of 1 Q 10 4 cells/ml in poly-Dlysine (0.05 mg/ml) coated 24-well plates. The cells were trypsinized and ®xed with ice-cold 70% methanol at time 0 (immediately following isolation from foetal brains) and after 24, 48 and 96 h in culture. Cells were stained with propidium iodide (5 mg/ml) and analysed using a¯ow cytometer (Becton Dickinson Facscaliber, Oxford, UK). The proportion of cells in G0/G1, S and G2-M phases of the cell cycle were quanti®ed and plotted using a Mod®t package (Verity Software, Topsham, Maine, USA). Results are expressed as mean proportion TSEM (n = 3) of three experiments involving at least three litters, each performed in triplicate.
Statistical analysis
Analysis was performed using one-way ANOVA (analysis of variance) for grouped sets of data with further analysis for signi®cantly different pairs using the post hoc test for least signi®cant differences (LSD). Signi®cance data displayed on the ®gures or quoted in the text relate to the results from the LSD tests.
Cell cycle control in hydrocephalus
Results
In vitro proliferation of GM cells from foetal brains
One possibility for reduced neurogenesis in the affected H-Tx cortex is that the GM cells are unable to proliferate. In order to test this possibility, GM cells were isolated into in vitro cultures and their proliferative potential in the absence of growth factors was analysed. In common with cells from unaffected or control Wistar foetuses, GM cells from the cortex of affected H-Tx proliferated under our culture conditions (Fig. 1) . In the absence of added growth factor and after a 24 h lag time for cell recovery, the GM cells from affected foetuses display enhanced proliferation over a 96 h period compared with their unaffected littermates or normal rat controls (P = 0.01, Fig. 1) .
The above data were generated in cell cultures containing no added growth factors. It remained possible that the affected GM cells lacked an ability to respond to externally added factors. bFGF is commonly used to maintain neuronal precursors in culture. Addition of this growth factor to our in vitro cultures resulted in a dose-dependent rise in proliferation of cells from both normal and affected foetal cortices (Fig. 2) . The responses of the two cell types are similar, with statistically signi®cant (P < 0.05) proliferation above the`no addition' controls being observed at 30 ng/ml in both cases, although the affected cells have a higher starting proliferation index. This higher proliferation rate re¯ects the effect of removing cells from the in vivo environment (Fig. 1 and see below). Once removed from this environment, however, the cells behave in a similar manner to cells removed from normal brains. Thus, the GM cells from the affected foetuses do not have an inherent proliferation defect or any down-regulation of their responsiveness to bFGF. This raises the possibility that these cells are under an inhibitory in¯uence in their in vivo environment.
GM cells from the hydrocephalic cortex are arrested at the S-phase of the cell cycle
Flow cytometric analysis of the cells at the point of extraction demonstrates that there is a statistically signi®cant (P < 0.05) increase in the percentage of cells in S-phase of the cell cycle in GM cells from affected foetal brains compared with those from unaffected littermates. This persists for up to 24 h after removal (P < 0.01) of the cells into culture (Fig. 3) . At later time points, the affected and unaffected populations become equivalent in terms of their cell cycle distributions. There is also a qualitative but not signi®cantly different effect on the percentage of cells in the G2-M phase of the cycle (Fig. 3C) . The data again demonstrate that the in vivo environment of the cells maintains an inhibitory in¯uence on the cells and that release from this environment exposes the fact that the Wistar (grey bars) and day 20 unaffected H-Tx (black bars/NHTx) and affected H-Tx (white bars/H-HTx) foetuses were plated in poly-D-lysine coated 96-well plates at a starting density of 1 Q 10 4 cells/ml in supplemented neurobasal medium. The cultures were maintained at 37°C in 5% CO 2 . Proliferation of cells was measured for 96 h using a luminescence-based assay (see Methods). Results shown are mean TSEM of at least four experiments each performed in triplicate. Testing of data using ANOVA generated statistically signi®cant F values of 4.79 and 11.00 at 48 and 96 h, respectively, with P values as shown on the graph. **P < 0.01; *P < 0.05 for affected tested against normal data (using post hoc tests) at these time points. This increase in the number of cells with more than the diploid (2n) quantity of DNA can also be seen in histological sections. Coronal sections through the cortex were stained with the DNA binding agent Hoechst 33342 (Fig. 4A and B) . Because the staining was of sections rather than isolated cells and because the section thickness was greater than a single cell, it was not possible to make quantitative measurements. However, it was certainly possible to identify areas of the affected HTx cortex with cells containing signi®cantly greater DNA staining than that observed in unaffected cortices. No evidence of oedema is visible in these sections and staining was localized to nuclei when viewed at higher magni®cation. False colour analysis of such images shows that there is an increase in the average single cell intensities in the affected H-Tx GM (Fig. 4C and D) . Thus, there is quantitatively more DNA per cell in these cells. Our previous bromodeoxy uridine (BrDu) staining data however shows that there is minimal proliferation in this population (Mashayekhi et al., 2002) . Together these results and the in vitro analyses (Fig. 3) point to the GM cells in the affected H-Tx rat being blocked in the S-phase of the cell cycle. This inhibition of cell cycle progression is relieved following their removal from the in vivo environment
Role of CSF in abnormal GM cell function
The fact that the GM cells from affected rats are able to proliferate and respond in vitro suggests that there is an external factor within the in vivo environment which is inhibiting their function. The obvious defect in affected rats is a lack of¯ow of CSF around the brain. One possibility is that factors within this¯uid are critical to the normal function of GM stem cells and our earlier data showed that CSF can in fact inhibit proliferation in vitro. Cells from unaffected and affected foetuses were incubated in media alone, media plus 10% PBS or 10% CSF from either normal or affected foetal brains (Fig. 5A) . Cells from both normal and affected brains show a signi®cant reduction in proliferation (P < 0.001 in both cases) in the presence of CSF from affected H-Tx foetuses. In fact, in the presence of this CSF, no signi®cant proliferation occurs over the 96 h period. CSF from unaffected foetuses had no effect at this concentration. Moreover, cells from normal foetal brains showed a dosedependent decrease in proliferation when exposed to CSF from affected foetuses (Fig 5B) with signi®cant inhibition being observed at 2.5% CSF in the culture (P < 0.01). The CSF was not inherently toxic to the cells as the cells remained viable within the cultures but did not proliferate, maintaining luminescent values at starting levels. Thus, the inhibition of proliferation of GM stem cells in vivo is probably due to the lack of CSF¯ow resulting in local alterations in the composition of the CSF.
If the lack of¯ow of CSF was responsible for the reduction of proliferation in the GM cells, then we hypothesized that the CSF from the affected H-Tx should block the cell cycle in vitro. This is indeed the case (Table 1) , as addition of 5% CSF to cultures of GM cells from normal foetuses resulted in an approximate doubling of the proportion of cells in the Sphase of the cell cycle. This mimics the site of and extent of blockage seen in affected GM cells immediately after their removal from their in vivo environment. Fig. 3 The cells were analysed using a¯ow cytometer immediately after isolation from E20 affected (white bars) and unaffected (black bars) H-Tx foetal brains, and following 24, 48 and 96 h in culture on poly-D-lysine coated plates in complete medium without added growth factors, to determine their cell cycle status. The proportion of cells in G0/G1, S and G2-M were quanti®ed and are shown in (A), (B) and (C), respectively. Results shown are mean TSEM of at least three experiments each performed in triplicate. Testing of ANOVA at each stage of the cell cycle generated a statistically signi®cant F value of 6.14 in the S-phase group. Post hoc tests using LSD gave P values as shown on the graph, *P < 0.05, **P < 0.01, for cells from unaffected compared with affected foetuses.
Discussion
Development of the cerebral cortex in the foetal H-Tx rat proceeds as normal until day E18, when the CSF is obstructed between the third and fourth ventricles. Following this obstruction, there is abnormal development of the cortex in which insuf®cient neurons are generated to populate the upper layers of the cortex resulting in reduced cortical thickness and ventricles that remain enlarged (Mashayekhi et al., 2002) . The abnormal cortex is the result of modi®ed development and not the result of damage due to¯uid accumulation and/or raised intracranial pressure that occurs after birth. Our previous studies implicate changes in the activity of neuronal progenitors that are located in the GM in this modi®ed development (Mashayekhi et al., 2002) .
Work presented here demonstrates that the GM cells in the affected H-Tx rat are not inherently defective. They have the ability to proliferate normally and to respond to external factors such as bFGF when removed from their in vivo environment into culture. However, these cells appear to be blocked in the S-phase of the cell cycle in their in vivo environment and this blockade is lifted once they are removed into culture medium containing no added growth factors. Release from the in vivo inhibition is re¯ected in an increased proliferation with the release from the S-phase block. The in vivo blockade can be mimicked in vitro by inclusion of CSF from affected H-Tx foetuses in culture with cells from either normal or affected animals. All of the evidence above suggests that it is likely that it is the CSF that inhibits GM cell proliferation in vivo. This is probably a result of changes in the concentration of certain CSF components due to the obstruction in¯uid¯ow. Alternatively, there may be a new factor in the CSF, released as a result of altered choroid plexus output which gives the dose-dependent inhibition observed in vitro. Preliminary analysis of protein components does show signi®cant differences in the CSF of affected compared with normal foetuses and these are currently under investigation in our laboratory.
The CSF¯ow pathway brings the¯uid into close association with the subventricular germinal zones, where neurogenesis occurs. If this¯ow is disrupted, then as our data show, the development of the cortex is seriously affected. Thus, normal cortical development is likely to be critically dependent on not only the presence of CSF, but also its correct¯ow and composition. There are many lines of evidence that point to CSF having a role in brain development (Sedlacek, 1975; Arnold et al., 1999; Dziegielewska et al., 1980 Dziegielewska et al., , 1981 Dziegielewska et al., , 1986 Cavanagh et al., 1982; Xia et al., 2000) , as well as its more physiological and mechanical role as a`brain buffer' in the adult (Davson et al., 1987; Piatt, 2001) . Constituents of CSF change during development and in response to physiological challenges, and are capable of contacting cells in the cortical parenchyma (Kasaian and Neet, 1989; Suzaki et al., 1997; Mogi et al., 1996; Heinze et al., 1998; Korhonen et al., 1998; Arnold et al., 1999; Van Setten et al., 1999; Biou et al., 2000; Grouzmann et al., 2000; Proescholdt et al., 2000) . Manipulation of CSF volume (in chick embryos) or growth factor content (in adult rodents) can result in a failure of normal cortical development and/or hydrocephalus (Johanson et al., 1999; Moinuddin and Tada, 2000) .
An interesting aspect of the data presented here is that the blockage of cell cycle by affected H-Tx CSF appears to be at the S or G2-M phase. Blockage at this stage of the cycle is usually associated with the cellular response to DNA damage, resulting in activation of DNA repair or, under extreme damage conditions, apoptosis. Apoptosis is not observed in the GM of the developing cortex of either affected or unaffected H-Tx foetuses or post-natal pups until there is a signi®cant rise in intracranial pressure (this is only observed post-natally) (Miyan et al., 1998) . In vitro experiments show that, although the CSF blocks proliferation, it does not result in cell death. The nature of the constituent(s) within the CSF that leads to these effects is thus unusual, as it mediates a novel effect on the cell cycle.
Signi®cantly, the CSF¯ow pathway also interacts with the marginal zone at the pial surface of the cortex. This area contains the Cajal±Retzius cells which secrete reelin, an extracellular glycoprotein involved in neuronal migration and lamination (D'Arcangelo and Curran, 1998; Rice et al., 1998; Super et al., 2000) . An analysis of a number of neurological disorders suggests that CSF signalling may be involved in the control of Cajal±Retzius cells and thus, together with control of neurogenesis, may coordinate the generation, migration and lamination of neurons to the cortex (Clark et al., 1997; (black bars) and affected (H-HTx) (white bars) foetuses were incubated in poly-D-lysine coated 96-well plates at a starting density of 1 Q 10 4 cells/ml in supplemented neurobasal medium under control conditions (no addition) or with additions of 10% PBS or 10% CSF from affected or unaffected foetuses as shown. After 96 h, proliferation was assessed using the luminescencebased assay. Time zero luminescence values were also obtained. Results are mean TSEM of at least three experiments each performed in triplicate. Testing with ANOVA across all groups generated a statistically different F value of 30.03. Post hoc tests using LSD generated P values as shown on the graph. **P < 0.01, ***P < 0.001 for data from each of the different additions compared with the relevant control with no addition. (B) Cerebral cortical cells of the E20 unaffected H-Tx foetal brain were incubated and assayed as above under control conditions or with increasing concentrations of CSF (1.25±10% v/v) from affected HTx animals. Testing with ANOVA across all groups generated a statistically different F value of 43.11. Post hoc tests using LSD generated P values as shown on the graph. **P < 0.01, ***P < 0.001 for data from each of the different concentrations of CSF compared with the control with no added CSF. Ringstedt et al., 1998; Super et al., 2000; Walsh and Gof®net, 2000) .
Our studies on the H-Tx rat have identi®ed a critical role for CSF in cortical development. This¯uid is far from being just a buffer for the brain. It is capable of in¯uencing GM cell functionality and disruption of its normal¯ow pathways leads to abnormal foetal cortical development resulting in signi®-cant neurological de®ciencies in affected individuals. The potential exists to manipulate the components responsible for abnormal development and aid the developmental process in affected foetuses. Moreover, a greater understanding of the role of CSF in development, particularly neurogenesis, migration and lamination of neurons in the developing cortex could in¯uence the management of other developmental defects of the brain as well as the therapeutic use of neuronal stem cells and/or pharmacological agents.
